Abstract: Cognitive radio (CR) increases spectrum efficiency by allowing secondary users (SUs) to dynamically use the idle spectrum owned by primary users (PUs). This paper studies bandwidth allocation of SUs for throughput efficiency. Taking on consideration a scenario of five nodes on which two of them are Primary Users(PUs) and the other three are secondary users (SUs).What amount of bandwidth should be leased to the secondary users? In this paper, we study the optimal bandwidth allocation for multiple SUs. Our approach addresses the transmission parameters both in Primary Users (PUs) and Secondary Users (SUs). We first analyze the amount of bandwidth used by the Primary Users (Pus) and design an algorithm that will distribute the remaining bandwidth and allocate the optimal bandwidth an SU should use to maximize the per-SU throughput in the long term. We adjust the Secondary users TCP parameters so as it should not use more than the allocated Bandwidth to improve SUs' performance and also propose the algorithm for bandwidth sharing among the Pus and SUs more efficient while taking on account for the dynamics of the SUs on the idle bandwidth exploitation. We use the NS2 cognitive radio simulations to validate our results. The work contribute and steer the initiatives of the researches on finding the adequate bandwidth sharing algorithm in cognitive radio networks.
Introduction
Research in Cognitive radio networks recently has attracted many researchers, this is due to the importance of the cognitive radio in utilization of the available communication channels. Cognitive Radio networks are the ones in which the licensed frequency channels used by the licensed users can be used by the unlicensed users when they became available. Cognitive Radio can capture or sense temporal and spatial variations in the radio environment, allowing it to find unoccupied portions of spectrum in real time. To exploit these holes in spectrum activity, Cognitive radio is also capable of dynamically adjusting operating frequency, bandwidth, and other physical layers parameters [1] , [2] , [3] . The spectrum sharing can be achieved through two ways which are spectrum overlay (Time division Multiplexing) and Spectrum underlay (Frequency division multiplexing).Spectrum underlay in cognitive radio allows primary users and secondary users to transmit simultaneously provided that the interference power received by the primary user is below the prescribed threshold [4] . In overlay systems the secondary users overhear the transmission of the primary users, then use this information along with sophisticated signal processing and coding techniques to maintain or improve the performance [5] .Cognitive Radio deployment poses some challenges due various dynamics in it. The major challenge is to efficiently use the spectrum opportunities due to primary user activity while protecting the performance of primary users [1] . In a scenario of two primary users and three secondary users the bandwidth allocation becomes complex, also managing the handovers between the primary users and secondary users. This paper contribute the algorithm to handle the bandwidth sharing between the primary users and secondary users in a Cognitive Radio Network. This paper is organized in four parts Introduction, System setup, Simulation results and Conclusion.
System Setup
Network simulator 2 is a networking simulator based on TCL scripting language. OTCL provides the objects in NS2 simulator, some classes are implement using the C++ but they are interfaced with the help of the OTCL. Ns is a discrete event simulator targeted at networking research. Ns provides substantial support of TCP, routing and multicast protocols over wired and wireless (local and satellite) networks [6] . The scenario is simulated with the use of the wireless nodes in Ns2. Two of the wireless nodes acts as the Primary users (Pus) and other three acts as the Secondary users (Sus). The transmission range of the nodes is enhanced to 250M so as we can have the nodes communicate even when they are not too close. On data transmission, the Ns2 agents are deployed to which the TCP and UDP agents acts as data sources and the Null and Sink agents used to discard the sent packets at the other end of the data transmission. The ns-2 simulation environment offers great flexibility in investigating the characteristics of the wireless networks because it already contains flexible models energy constrained wireless ad hoc networks. 
Methodology
The goal of achieving Secondary users to exploit the available bandwidth in the primary users transmission channels without deteriorating the primary users (Pus) performance is experimented in this paper. There two main objectives to be experimented 1) The algorithm that is carried out in order to smoothly allocate the available bandwidth to the secondary users without diminishing the primary users (Pus) performance. 2) The formula used to estimate the optimal bandwidth that can be allocated to a secondary users (Sus) without causing performance issues to the primary users (Pus).
In practical multiuser environments, cognitive radio operation is governed by interference tolerance and sensing limits at the primary and secondary users. The interference limits at the primary and secondary users indicate the amount of protection needed at each (primary or secondary) user from the multiuser interference to maintain a certain rate [7] . The important challenge is how many secondary users and primary users can share the system for better throughput? , in that system what is the optimal amount of bandwidth is safe to be shared between the secondary users without degrading the system performance? This is reminiscent of the familiar debate of licensing versus autonomy, a tradeoff that is fundamental to many areas of systems and control theory [7] . In a cognitive radio system consisting of N secondary users and one primary user, a primary user using the spectrum of bandwidth W and the bandwidth is shared among the n secondary users. Denote the instantaneous channel gains between the i th SU transmitter (SU-Tx) and the i th SU receiver (SU-Rx) and between the i th (SU-Tx) and the PU receiver (PU-Rx) by hi and g i , respectively. Then the corresponding instantaneous channel gain vectors are g [g1 g2 · · · g N ] and h [h 1 h 2 · · · h N ], and they represent particular realizations of the channel fading vector random processes G and H, respectively, which are assumed to be ergodic and stationary [4] .Then the optimal bandwidth allocation is
Apart from having an optimal bandwidth allocation formula, we need an adequate algorithm to take in charge of the system during system operations, a system having n numbers of secondary users and in a consecutive manner they try to access the available bandwidth hence there is a need for checking if the channel has a bandwidth to share before even evaluating what bandwidth can be shared. In this regard we need to always evaluate the system for the availability of the bandwidth and store that value for future reference at the time when the secondary user need to get a share from it. The following is the flow chart of the Bandwidth allocation steps to the Secondary user in a cognitive radio system that is experiment
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Result and Discussion
The Cognitive radio system is set up with a 10M bandwidth to be shared among the system participants, the simulation time was set to 10 sec. Fig 4a shows the Primary user (Pu) transferring the data alone and is not exploiting all the available bandwidth hence allowing the possibility of the secondary users to exploit the remaining unused bandwidth. Using the algorithm we orderly manage the bandwidth allocation puzzle and use the optimal bandwidth allocation formula to allocate the bandwidth to the secondary users available, in case where the secondary users TCP window were is larger than the allocated bandwidth we adjust the window in order to efficiently and smoothly transfer the data. Fig 4b shows the bandwidth sharing among a primary user and a secondary user in a smooth way without causing interference to the primary user. 
Related Works
Bandwidth allocation in Agent based Cognitive radio networks attracts many researchers due to its promising solution on efficiently utilization of the licensed spectrum. An algorithm has been proposed in [8] to improve the utilization of bandwidth in agent based cognitive radio networks, the algorithm contributes much on the cost of the of the agent on leasing the bandwidth obtained from the primary user to the secondary users, it did not adequately address the issues of the optimal bandwidth to secondary users for an efficient agent based cognitive radio networks. The researchers in [9] have used game theory to solve the puzzle of resource allocation on cognitive radio networks to which they extend their solution to multi agent cognitive radio networks. In [10] they compared single agent based and multi agent based cognitive radio networks and their advantages and disadvantages on the secondary user autonomy on exploiting the available bandwidth.
Conclusion
Bandwidth allocation on agent based cognitive radio networks is one of the most important parameters to make the system operate more smoothly, an efficient algorithm is a vital component on allowing the secondary users to participate on the system and prevent distortion on the primary user spectrum utilization. The proposed serves this purpose and with the help of the optimal bandwidth formula we have obtained promising results. 
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